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INTRODUCTION

The term "auto-maintenance" refers to a set of experimental
conditions which can maintain a specified class of behavior despite
the absence of programmed contingencies designed to shape or maintain
it.

In the typical auto-maintenance experiment, experimentally

naive birds are confronted with a briefly illuminated key which is
usually followed by the non-contingent presentation of food.

Brown

and Jenkins (1968) have shown that pigeons exposed to this procedure
will learn to key peck while Williams and Williams (1969) have shown
that birds will continue pecking the lit key even when key pecks
prevent the delivery of food.

What is especially significant about

these experiments is they show that what has been unquestionably
characterized as a purely operant response can be generated and
maintained under procedures which closely resemble Pavlovian delay
conditioning.
The major question of behavioral concern underlying current
auto-maintenance research is the fact that key pecks persist despite
any programmed relationship between key peck responses and the
presentation of food.

Until recently, the maintenance of key pecking

by non-contingent delivery of known reinforcers has been examined
within the framework of operant conditioning.

Earlier studies used

procedures where pigeons were first trained to emit a response on
which reinforcement was contingent.

When the subject's behavior

stabilized under a given response dependent reinforcement schedule

1
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the contingency between the response and the reinforcer was eliminated
and food was presented independently of the subject’s behavior.

In

most cases, responding was maintained, but at rates considerably
lower then when the contingency was in effect (Appel and Hiss, 1962;
Edwards, West and Jackson, 1968; Herrnstein, 1966; Hermstein and
Morse, 1957).

Responding which occurred during non-contingent food

delivery schedules was explained to be a function of the strengthening
effects of accidental response-reinforcer relationships.

A response

which was adventitiously followed by the presentation of food was
maintained by the response being followed by food.

Since food was

presented during non-contingent hopper presentations at times when
the subjects were not engaged in key pecking, other forms of behavior
emerged which may have resulted in lower rates of key pecking.

In

these studies, however, the subjects were first trained to key peck.
Pecking was first established through the use of programmed responsereinforcer relationships.
Staddon and Simmelhag (1971) have offered an alternate account
of the behavioral effects of response independent food presentations.
They found that pigeons developed a set of stereotyped behaviors
during variable time and fixed time food delivery schedules.

These

behaviors reliably occurred as a function of the amount of time which
had elapsed since the previous food presentation.

In almost every

case, the terminal behavior in the sequence was pecking, which
consistently began just prior to the scheduled food delivery.

These
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responses had no specific locus in the experimental chamber but were
directed towards various features of the interior chamber.

The authors

contend that food deprived pigeons will peck during response-independent
food delivery schedules.

When a contingency is introduced into a

situation and food becomes response contingent the net effect is
simply to narrow the geographic location of pecking to one particular
spot, such as the response key.
Another view similar to Staddon's and Simmelhag's is offered by
Gamzu (unpublished paper, 1972).

According to Gamzu, the pecks that

occur as part of the organism's normal food consummatory repertoire
i.e., pecking for grain, are "minimal units" of behavior.

A minimal

unit is ". . . a response that can be observed in the normal organism
without prior instrumental or operant conditioning (p. 2)."

These

minimal units of behavior are especially sensitive to stimulusreinforcer relationships but relatively insensitive to responsereinforcer relationships.

Perhaps this latter point has been best

demonstrated through the use of the negative auto-maintenance contin
gency (Williams and Williams, 1969).

A forward pairing of the key

light and food was employed and pecking was maintained even though
key pecks prevented the delivery of food.

When a second irrelevant

key was made available simultaneously with the negative contingency
key, pecking shifted from the key associated with the negative contin
gency key to the irrelevant key.

These data indicated that the pigeon's

key peck behavior was at least partially sensitive to responsereinforcer relationships during auto-maintenance procedures.
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Other data suggest that a dichotomy exists between the sources
of control governing operant pecks and pecks generated by stimulusreinforcer relationships.

Gamzu (1972) reported that pecks maintained

by response contingent schedules could be quantitatively distinguished
from pecks produced by auto-maintenance procedures by measuring the
duration that the response key was depressed.

The shorter duration

pecks, typically 20 msec or less, were termed "auto-pecks" while
longer pecks were referred to as "operant pecks."

Schwartz (1971)

recorded the duration of key pecks with a negative contingency in
effect and found that only shorter "auto-pecks" occurred.

These data

support the notion that stimulus-reinforcer relationships may act
selectively on pecking and may override the normally anticipated
strengthening of key peck responses which are closely followed by
food when procedures other then negative auto-maintenance are used.
While most auto-shaping experiments have employed a forward
pairing of keylight illumination followed by food, two recent studies
indicate that a strict forward pairing of the keylight and food is
neither a necessary nor a sufficient condition for sustained key
pecking.

Gamzu and Williams (1971) used a discreet trial procedure

where the light came on for 8.6 seconds once on the average of every
30 seconds.

Food presentations were distributed such that they

were likely to occur at the beginning of each second during the key
light trial.

This "differential" procedure sustained high rates of

key pecking.

When a "non-differential" procedure was instituted and

food was delivered during the inter trial-interval as well as during
the presence of the key, pecking decreased dramatically.
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Gamzu and Schwartz (1973) extended the findings of this earlier
study.

Free-food presentations were incorporated into one or both

components of a multiple schedule.

When food was presented only in

one component (differential procedure) pecking was maintained in
excess of 28 responses per minute.

When food was made available in

both components (non-differential procedure) response rates declined
virtually to zero.
These two studies indicate that a more general "pairing" of
the key light with food will generate and maintain key pecking.

That

pigeons consistently peck the key, however, is not solely a function
of key light food pairings or non-contingent food delivery schedules,
but a function of the differential association of the key light with
food.
The present study attempted to verify the results of Gamzu and
Schwartz (1973) through a replication of the experimental procedures
that were employed.

It was the intent of this study to examine the

effects of non-contingent food delivery schedules during one or both
plies of a multiple schedule using differential and non-differential
procedures.
The results of the study are discussed in terms of the possi
bilities of adventitious reinforcement and the role of stimulusreiriforcer relationships in auto-maintenance studies using the pigeon.
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METHOD
Subject

Eight experimentally naive, white Cameaux pigeons maintained
at 80% of their free feeding weights served as subjects for the
experiment.
Apparatus
The interior dimensions of the experimental chamber were 14"
high x 12" wide and 16" deep.

The intelligence panel was made of 1/8"

thick anodized black sheet aluminum.

The food magazine opening was

in the middle of the intelligence panel, 5" above the floor and the
transilluminated response key was located 3" to the left of the food
magazine opening, 10" above the floor.

The walls of the interior

chamber were painted flat black and the ceiling was constructed of
1/8" thick translucent plate glass above which was located a house
light, directly above the food magazine opening.

Procedure
The subjects were hopper trained over a three day period.

During

the first hopper training session the subjects were placed in the
experimental chamber with the hopper in the up position and the hopper
was filled with grain.

The subjects were allowed access to grain for

eight sec and the hopper was then lowered for one sec and then raised
again.

This procedure was repeated four more times after which the

subjects received 35 four sec hopper presentations.

The duration

6
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between successive hopper presentations was gradually increased to
15 sec by increasing the time which the hopper remained in the down
position by one sec every other food presentation.

During the next

two sessions, the hopper was randomly presented for 3.5 sec on a
variable time 30 sec (VT-30") food delivery schedule and the sessions
were terminated after 40 hopper presentations each.
After the third session, the subjects were exposed to a series
of two-ply response independent multiple schedules. Food was de
livered in one or both components of the multiple schedule depending
on the procedure in effect, independently of the subject’s behavior.
A variable time 30 sec (VT-30") schedule was used to deliver food
during a component, or else food was not presented (NF). A green key
light was always associated with the first component of the multiple
schedule while a red key light was always associated with the second
component.

The components were presented in simple alternation

(green then red) and each component was 30 sec long.
During Procedure I, food was delivered in the first component
but not in the second component on a multiple variable time 30 sec
no food (mult. VT-30" NF) schedule of food delivery, while during
Procedure II, food was made available in both components (mult. VT-30"
VT-30").

Finally, in Procedure III, food availability was removed

from the first component but retained in the second component (mult.
NF VT-30").

A summary of the procedures used and the number of

sessions run under each procedure is presented in Table 1 on page 8.
Food availability consisted of a 3.5 sec hopper presentation
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TABLE 1
Number of Sessions Run Under Each Experimental Condition

I
Subject

(Mult VT-30” NF)

II
(Mult VT-30"VT-30")

III
(Mult NF VT-30")

G-l

16

20

17

H-2

20

16

17

H-3

23

15

17

H-4

21

12

21

C-2

30

10

0

G-3

30

10

0

G-4

30

10

0

H-l

30

10

0
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during which time the houselight and keylights were extinguished and
the hopper light was illuminated.
50 components.

Each session was terminated after

At no time in the experiment was the presentation of

food contingent upon the occurrence of a key peck response.
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RESULTS

Total key pecks per session during Procedures I, II, and III are
plotted for four of the eight subjects in Figure 1, page 20.

The data

for subjects G-l, G-3, G-4, and H-l do not appear since less than five
pecks were recorded for these subjects during the entire experiment.
Subjects G-l, H-2, and H-4 began pecking approximately eight sessions after
procedure I was put into effect (mult VT-30" NF) while H-3 began pecking
as early as the third session after hopper training.
Although total key pecks varied considerably between subjects
all subjects pecked more in the VT component (green key light) than
they did during the NF component (red key light).

Subject G-3 pecked

during green most often and appeared to reach an asymptotic level in
excess of 3,400 key pecks, except for a sudden drop in key pecking
during session 24, which recovered to the previous level the following
session.

At the other extreme, G-l never pecked during green more

than 10 times in a single session.

However, no key pecks were recorded

during red over 23

sessions for

this

subject.

Some pecking

did occur in

red

(NF component) for subjectsH-2

20 key pecks

were

recorded for H-2 and 40 keypecks

and H-4.

At least

for H-4 during the last few sessions procedure I was in effect.

All

subjects exhibited some intra-subject variability, but clearly, pecking
was maintained in the VT component while Procedure I was in effect.
When food was delivered in both components during procedure II
(mult VT-30"VT30"), pecking decreased markedly in the first component

10
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for all the subjects.

This decrease occurred even though the food

delivery schedule remained unchanged in that component.

The only

change was to increase the frequency of food delivery in the second
component from zero to an average of two hopper presentations per
minute.

A decrease in key pecking was observed despite the fact that

the overall frequency of food delivery was doubled.
The most dramatic changes occurred with H-4 and H-3.

Subject

H-4 decreased from roughly 350 key pecks, in the last few sessions
prior to procedure II, to nearly zero after the schedule change.
Subject H-3 exhibited a similar trend as key pecking declined from
3,000 to less than 500 key pecks per session.
occurred with H-2 and G-l.

The same pattern

Subject H-2 dropped almost immediately

but pecking increased after session 33 and then declined three
sessions later.

Subject G-l never pecked more than once after the

second session procedure II was put into effect.
When procedure III (mult NF VT-30") was instituted, pecking
increased to nearly the same level or higher than those obtained with
procedure I.

Procedure III was essentially a replication of procedure

I, except that the stimulus associated with food was red (second
component) instead of green (first component).

Initially, more key

pecks occurred in the NF component than in procedure I, especially
for H-4.

However, key pecking in the VT component continued to rise

even though the overall frequency of food delivery was cut in half.
A second method of data collection was to obtain the temporal
distribution of key pecking for both components of the multiple
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schedule in effect.

An analysis of theses data is presented in

Figure 2, page 21, for subjects H-2, H-3, and H-4.

These data are not

presented for G-l because of the subject's low number of pecks per
session.

These temporal distributions revealed that key pecks were

evenly distributed across the six class inter-food intervals during
the first component (green) for procedures I and II and during the
second component (red) for procedure III.

When procedure II was put

into effect, the total number of key pecks per class interval de
creased while there was virtually no change in their distribution.
Not enough pecks were generaged in the NF components to be useful in
such an analysis.

The pecks that did occur were either located in

the first class interval after the VT component and were indicative
of a "spill over" due to high rates of key pecking generated by H-3 in
the VT component, or were randomly distributed across all class
intervals.
To summarize, key pecking was developed and maintained for four
out of eight subjects when a differential procedure was used (procedures
I and III). However, pecking decreased when the overall frequency of
food delivery was doubled using a non-differential procedure (pro
cedure II).
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DISCUSSION

Generally, the results of this experiment support those of Gamzu
and Schwartz (1973) but do not corraborate the hypothesis of Hermstein
(1966) and others who have attempted to explain key pecking during
non-contingent food delivery schedules within the present context of
operant conditioning.

If one assumes that key pecking was acquired

and maintained in the present study due to the strengthening of key
pecks which accidentally preceded the scheduled food delivery, then
the results of this study and the study of Gamzu and Schwartz cannot
be explained.

First, if key pecking was maintained by an adventitious

response-reinforcer relationship, one would expect a procedural change
which doubled the frequency of food delivery to increase the rate
of key pecking or at least maintain it.

In Gamzu and Schwartz's ex

periment and in the present study, doubling the overall frequency of
food presentations decreased key pecking.

Second, if key pecking was

maintained by adventitious reinforcement then decreasing the frequency
of food presentations should decrease key pecking.

However, in the

present study when the frequency of food delivery was cut in half,
from a mult VT-30" VT-30" schedule, to a mult VT-30" NF schedule,
pecking increased.

Third, it is impossible to explain the decrease

in the frequency of key pecking which occurred during the transition
from the mult VT-30" NF schedule, to the mult VT-30" VT-30" schedule,
on the basis of adventitiously reinforcing behavior incompatible with
key pecking when food was presented in the second component.

No

13
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explaination based on adventitious reinforcement can account for the
increase in key pecking when food was again eliminated in the first
component (mult NF VT-30"),
The effects of response independent food schedules as described
by Staddan and Simmelhag (1971) offers a more compatible explanation
of the results of this experiment. When food is introduced into a
situation, on a temporarily defined basis, pigeons will acquire a set
of well developed behavioral patterns which occur during the inter
food interval.

Invariably, the terminal behavior in the pattern is

pecking which occurs just prior to the scheduled food delivery. Peck
ing as a "minimal unit" (Gamzu, unpublished paper, 1972) of behavior
is now frequent and occurs during the food delivery schedule as well
as when grain is presented.

Pecking only becomes reliably directed

towards the key after it has been differentially associated with
food

(Gamzu and Williams, 1971; Gamzu and Schwartz, 1973).
In this research, however, four out of eight subjects failed to

acquire key pecking.

A recent study by Wasserman, Markman, and Hearst

(1971) suggests a possible explanation for the lack of key pecking in
these subjects.

Wasserman et. al., first attempted to establish key

pecking with a procedure which did not utilize a houselight.

A key-

light came on for 8 sec on a variable-time 25 sec schedule and was
always followed by a four sec hopper presentation.

No houselight was

used because the authors concluded that the absence of a houselight
would make the key light more discriminable and facilitate the acqui
sition of key pecking.

To the authors' surprise, six out of six
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subjects failed to show sustained key pecking.

Visual obsevation of

the subject’s behavior during the experiment confirmed the fact that
the subjects were not orienting towards the key although "alerting"
responses occurred when the key light came on.

The authors reasoned

that the subjects could detect key light onset from any position in
the chamber and orientation towards the key was not necessary,

fol

lowing this logic, a houselight was added in order to make the key light
less salient and require orientation towards the key in order to observe
it.

When a house light was added, four of the six subjects reliably

pecked the key.

These data suggest the possibility that the amount

of ambient illumination in the experimental chamber is critical in the
acquisition and maintenance of key pecking.

Gamzu and Schwartz (1973),

used Lelligh Valley experimental test chambers.

The interior of these

chambers are bamished silver as opposed to the black interior of the
experimental chamber used in the present study.

It is quite possible

that the differences in illumination produced by these features along
with possible differences in houselight illumination, could partially
account for the failure of subjects G-2, G-3, G-4, and H-l to key peck.
Gamzu and Schwartz reported that all subjects pecked the key in excess
of 28 responses per minute.

Only H-3 in the present study generated

rates greater than 28 responses per minute.

G-l pecked at the lowest

rate and never exceeded .8 responses per minute.

Response rates were

generally lower in this study than those reported by Gamzu and Schwartz
and the differences in ambient illumination may have played a key role.
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Both studies have not completely ruled out the possibility of
adventitious response-reinforcer contingencies operating in the experi
ment.

Some key pecking occurred in the NF components in the Gamzu-

Schwartz study but considerably less occurred in this research.
Kelleher and Gollub (1962) present data indicating that a stim
ulus which is merely paired with food can function as a conditioned
reinforcer.

It is entirely possible that the onset of the key light

associated with food in the VT component during this experiment could
have acquired the properties of a conditioned reinforcer and maintained
key pecking during the NF components.

For example, pecks which occurred

prior to the VT components during the mult VT-30" NF and mult NF VT-30"
schedules, may have been maintained by the onset of the stimulus
associated with food.

A close inspection of the temporal distribution

of key pecking for H-2 and H-4 did not reveal a strong tendency for
key pecks to occur in this time period, although they did occur during
the NF components.

Possibly a change-over-delay or time-out between

components may have eliminated pecking in the NF components.
Other investigators have examined the possibility that conditioned
reinforcement may play a role in auto-maintenance. During negative
auto-maintenance procedures, Schwartz (1971) hypothesized that key
light offset might maintain key pecking since it was paired with food
on trials that key pecks did not occur.

The negative contingency

typically generates key pecking even though a key peck terminates the
key peck trial and prevents the delivery of food.
groups of animals.

Schwartz used two

For one group, pecks turned off the key light and
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food was not delivered.

For a second group, pecks did not turn off

the light but prevented the delivery of food.
both groups if pecks did not occur.

Food was delivered for

For the second group the key

light was only extinguished after food had been presented.

Under

these conditions it was expected that key light offset could not
functionally serve as a conditioned reinforcer for key pecking.

How

ever, key pecking was maintained by both procedures.
Since key pecking in pigeons can be generated by stimulus rein
forcer relationships and can be maintained despite a negative responsereinforcer relationship (negative contingency), the question of
stimulus-reinforcer relationships influencing key pecking during con
ventional response-contingent reinforcement schedules has been ques
tioned by Gamzu and Schwartz (1973).

Schwartz has indicated that the

phenomena of positive behavioral contrast may well be explained by
procedural manipulations which introduce stimulus-reinforcer relation
ships.

Positive contrast has been defined by Reynolds (1961) as an

increase in rate in the constant component of a two ply multiple
schedule as a result of a procedural change in the manipulated com
ponent.

When pigeons are shifted from a mult VI-VI schedule to a

mult VI-EXT schedule, the rate in the VI component increases while
the rate in the EXT component decreases.

According to Schwartz, this

procedure also introduced a stimulus reinforcer relationship and is
responsible for the elevated effects in the VI component.
Thus, it appears that key pecking in pigeons may be maintained
by stimulus-reinforcer relationships as well as by response-reinforcer

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

relationships.

That the two sources of control may combine during

typical operant experiments has not yet been demonstrated.

However,

the separation of key pecks by Gamzu (1971) into two distinct classes
"auto pecks" and "operant pecks" may provide an empirical method for
testing such a notion.

The powerful effects exhibited by stimulus

reinforcer relationships during the Gamzu and Schwartz study and the
present study indicates that stimulus-reinforcer relationships may
well play a role during conventional experiments which use the pigeon
and key pecking as the operant.
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Figure Legend

Figure 1:

Total key pecks during green (first ply) and red (second
ply) as a function of sessions.
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Figure Legend

Figure 2

Percent of total key pecks and total key pecks averaged
across the last 5 sessions during successive 5 second
class intervals of the food component under each condition.
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